The present study was initiated to determine whether walking ability (WA) could be markedly improved without seriously compromising growth rate and body conformation by crossing a relatively unimproved commercial sire line (UC) with a line (FL) selected for increased shank width and backcrossing F 1 females to UC line males. Body weights at 8, 16, and 20 wk of age were generally similar for both lines at the time of the initial cross. The UC line had inferior WA, shorter and narrower shanks, and wider breasts compared with the FL line.
INTRODUCTION
Leg weakness is a significant problem in turkey production (Emmerson et al., 1991) . Mortality resulting from leg problems, particularly in males, occurs during the later part of the growth period, consequently increasing the economic loss. Because walking ability (WA) of males is negatively associated with genetic increases in BW (Nestor, 1984) , leg problems may reduce potential genetic gains in BW. The heritability of a subjective measurement of WA in a randombred control population was low (0.06; Havenstein et al., 1988) , therefore direct selection for WA would not rapidly reduce leg problems.
Selection for increased breast yield and BW has successfully increased total breast yield and BW, although at a faster rate than the increases observed in the muscles of the legs (Marsden, 1940; Miller, 1968; Clayton et al., 1978) . The relative amount of leg muscle declines with age (Harshaw and Rector, 1940) . Similarly, the skeleton exhibits a decline in relative weight with age (Clayton et al., 1978) . Nestor et al. (1985) hypothesized that there is a biologically incompatible combination in commercial turkeys of increased BW with a relatively reduced support system (leg muscles and bones), and that this inherent stress probably magnifies the effects of the various causes of leg problems. The hypothesis resulted in the initiation of a selection experiment to increase the relative amount of leg bones and leg muscles and study the effects of these selection criteria on WA. A line (F) selected for 13 generations for increased 16-wk BW served as the base population. Sublines of F were mass selected for either increased shank width at the dewclaw (FL) or were family-selected for increased leg muscles (FM). Selection for increased BW continued in the F line.
Selection in the FL line was effective in greatly increasing shank width and BW (Nestor et al., 1985) and increasing the relative proportion of leg bones (Nestor et al., 1987 Emmerson et al., 1991) without loss in WA. The relative proportion of breast muscles has declined in the FL line compared with the F line (Emmerson et al., 1991) . Results for BW, proportion of leg bones, and WA in the FL line tend to substantiate the hypothesis. Although the amount of leg muscles increased slightly in the FM line, the relative proportion of leg muscles did not increase (Emmerson et al., 1991) , and therefore, the results from the FM line could not be utilized as a test of the hypothesis.
The purpose of the present study was to study the effect of crossing males of a commercial sire line exhibiting wide breasts, relatively small legs, and poor WA with females of the FL line on growth rate and WA. A backcross of the F 1 to the sire line was also made to determine whether further gains in conformation could be made without completely losing gains in WA.
The results obtained by crossing lines may be associated with the genetic distance between the lines involved. Band sharing (BS) of DNA fingerprints among populations is negatively associated with their genetic distances (Kuhnlein et al., 1989 (Kuhnlein et al., , 1990 Dunnington et al., 1991; Heberfeld et al., 1992) . Using chickens, Haberfeld et al. (1996) observed an inverse relationship between BS levels in parents and heterosis for BW and age at production of first egg in their offspring. In addition to collection of data on performance traits, DNA fingerprints of the parental lines were made and BS between the lines was estimated as a measure of the genetic distance between the sire and FL lines and evaluate whether results from the F 1 and backcross generations could be explained by the genetic distance between the sire and FL lines.
MATERIALS AND METHODS
Adult breeders of an unknown age (three males and seven females, all half-sibs) from a relatively unimproved sire line exhibiting wide breasts and poor walking ability were obtained from Lloyd Churches (deceased; Golden, CO 80403). Due to mortality and poor egg production by the females, males of the Churches line were crossed with females of an improved commercial sire line to conserve the genetic variation obtained from the Churches line. The F 1 of this cross was mated inter se the first generation and maintained as a pure line and reproduced by artificially mating 3 males to 11 females in the first generation and 9 males to 18 females in subsequent generations. At each insemination, the assignment of females to be inseminated by a given male was changed in an effort to provide the widest possible genetic base. This line will hereafter be referred to as the UC line.
In the first generation of the UC line, the three UC line males (50% Churches and 50% commercial sire line) used to produce the pure UC line birds were also mated to 9 FL line females. Pure FL line birds were obtained by mating 36 males to 54 females. The FL line was in the 16th generation of selection at the time of the cross. Details of the maintenance of the FL line were given by Nestor et al. (1985) and Emmerson et al. (1991) .
Offspring from three weekly hatches of the pure lines and F 1 were grown, sexes and lines intermingled, in confinement until 8 wk of age and then range-reared until 20 wk of age. Males and females were provided with a declining protein five-ration system (Naber and Touchburn, 1970) based on the schedule for males. Body weights were measured at 8, 16, and 20 wk of age. At 16 wk of age, breast width, shank width (measured from side to side at the dewclaw), shank depth (measured from front to back at the dewclaw), and shank length were obtained. Breast width was measured by a caliper at 6.35 cm of body depth at a point approximately 3.18 cm from the anterior point of the keel. Walking ability at 8 and 16 wk of age was estimated by the method of Nestor et al. (1985) . Each bird was given a score of 1 to 5 indicating no, slight, moderate, severe, and extreme difficulty walking, respectively. Mortality was recorded from 8 through 20 wk of age.
In the next generation, the same 9 UC line toms mated to 18 UC line females were also mated to 18 F 1 females. Management of birds was similar to the previous generation except that all offspring were produced in a single 2-wk hatch, sexes were grown separately in confinement, and WA scores were not obtained at 8 wk of age.
Blood samples were collected from 15 UC and 15 FL males. The DNA was extracted from the individual samples by the method of Emara et al. (1992) and DNA fingerprints were obtained and analyzed by the method of Zhu et al. (1996b) . A Jeffreys 33.6 probe (Jeffreys et al., 1985) was used. The BS among individuals of the same line and between lines was calculated from the equation: BS = 2N ab /(N a + N b ) (Wetton et al., 1987) , where N ab was the number of scored bands shared by Samples a and b; and N a and N b were the total number of scored bands in Samples a and b, respectively.
Statistical Analyses
Body weight, leg traits (shank length, width, and depth), WA scores, and breast width were analyzed by analysis of variance separately for each sex and year. Means were separated using Duncan's multiple range test (SAS Institute, 1988) . Orthogonal contrasts were used to compare observed and expected values for the F 1 and for the backcross. Differences between observed and expected values indicate heterosis. The expected values for the F 1 was the average of the two parental lines (UC and FL). For the backcross, the expected value was (3UC + FL)/4. Mortality data were analyzed by multiple chi-square tests to determine whether differences existed among 
RESULTS AND DISCUSSION
Body weights at 8, 16, and 20 wk of age of the UC and FL lines were, in general, similar at the time of the initial cross (Table 1) , differing only in BW of males at 8 wk of age. The UC line had poorer WA (except for males at 8 wk of age), shorter and narrower shanks, and wider breasts than the FL line. The F 1 birds exhibited significant overdominance in BW at all ages (i.e., the F 1 was heavier than either parent) except for 16-wk BW of females. The percentage heterosis in the males ranged from 8.4 to 11.2% and that of females ranged from 3.2 to 7.8%. Emmerson et al. (1991) crossed two large-bodied sire lines differing only slightly in BW but with large differences in shank length and width, WA, and body conformation and found the heterosis in BW ranged from 0.8 to 2.0%.
The increase in BW of the F 1 was associated with improved WA (decrease in WA scores) at 16 wk of age (Table 1) . At 8 wk of age when WA scores are lower, males from the UC and FL lines and the F 1 did not differ in WA. In females at 8 wk of age, the FL line had better WA than the UC and F 1 , which did not differ. At 16 wk of age, the heterosis in WA scores was -10.5% (P > 0.05) for males and -23.7% (P ≤ 0.05) for females. In a similar cross, Emmerson et al. (1991) observed that the heterosis of WA of males at 16 wk of age was -8.8%.
Significant heterosis was observed in the F 1 for shank length but no significant heterosis was noted for shank width or depth (Table 1) . Utilizing a comparable cross, Emmerson et al. (1991) observed similar results for shank length and width but did not measure shank depth. No significant heterosis in breast width was observed in the F 1 .
Body weights at older ages of the UC line were heavier than those of the FL line in the second generation of the study (Table 2 ) when all lines were grown in confinement throughout the growing period. It is possible that the UC line performs better than the FL line in confinement, but not when reared on range, although Noble et al. (1996b) compared the performance of four experimental turkey lines, including the FL line, when grown on range and in confinement and found no evidence of line by environment interaction for growth rate.
Significant heterosis in male BW at 16 and 20 wk of age was evident in the backcross (Table 2 ) but the level of heterosis was reduced more than 50% compared with the F 1 . Heterosis in a backcross is expected to be onehalf that of the F 1 . Heterosis in WA scores in males at 16 wk of age in the backcross was approximately one-half that of the F 1 . The only significant heterosis in leg traits of the backcross was in shank width of females (-3.8%). Shank width is a highly heritable trait (Nestor et al., 1985; Havenstein et al., 1988) and little heterosis is expected. Because no heterosis was observed in the F 1 for shank width, the results observed in the backcross may be spurious. No heterosis in breast width was observed in the backcross.
Mortality in 1994 of the UC line (17.1%) was almost twice the mortality of the FL line (8.7%) (0.1 < P > 0.05) from 8 through 20 wk of age when the lines were reared on range. Mortality for the F 1 was only 2.9%, less (P ≤ 0.05) than that of the UC line. The improved livability of Effect of backcrossing females from a cross of commercial sire line males (UC) and females of a line (FL) selected for increased shank width to UC line males a-c Lines and backcross means within sex and traits with no common superscript differ significantly (P < 0.05).
2 Birds were subjectively rated from 1 to 5 indicate no, slight, moderate, severe, and extreme difficulty walking, respectively. the F 1 may be attributed to the improved WA of the F 1 birds (Table 1 ). In the next generation, when the birds were grown in confinement, the backcross had lower mortality (4.2%) than either the FL (12.3%) or UC line (16.0%), which did not differ. Noble et al. (1996b) found that WA scores of the FL line were greater (poorer legs) when grown in confinement than when grown on range, whereas the WA scores between environments did not differ for three other lines. The decreased WA of the FL line in confinement rearing may have contributed to the perceived increase in mortality from 8 through 20 wk of age (8.7 to 12.5%) between the first and second generations. It is probable that birds on range are more active than those reared in confinement. However, in a study by Noble et al. (1996a) , means for number of walking bouts, time walking, and steps taken did not appear to differ between confinement and range rearing, although statistical comparisons were not possible due to the presence of interactions. The BS levels of DNA fingerprints within lines differed (P ≤ 0.05) for the UC (0.506) and FL (0.463) lines. Because BS within lines is related to the inbreeding of the lines (Zhu et al., 1996a) , the results indicate the UC line was more inbred than the FL line. The BS level found in the FL line in the present study (0.463, based on 15 birds from 15 families out of a total of 54 families) was less than that found in a previous comparison (0.517, based on 18 birds from 18 families out of a total of 54 families) (Zhu et al., 1996b) . Chance genetic sampling of the FL line may have been responsible for the difference. Band sharing between the UC and FL lines was 0.270. In a comparison of six experimental and five commercial turkey lines, Zhu et al. (1996b) found that BS between lines ranged from 0.21 to 0.33 with a mean of 0.26. Thus, the relationship between the UC and FL lines was similar to the average of all turkey lines tested. Haberfeld et al. (1996) found an inverse relationship between BS level in DNA fingerprints between parents and heterosis of their offspring. Based on BS between the FL and UC lines, little heterosis would be expected from crossing these lines as the BS level of 0.27 did not differ greatly from the average BS level of 0.26 reported by Zhu et al. (1996b) between 11 turkey lines.
General Discussion
Nonadditive genetic variation in BW of turkeys is usually not an important source of variation (Kondra and Shoffner, 1955; Clark, 1961; McCartney and Chamberlin, 1961; Nestor, 1971 ) but heterosis or nonadditive genetic variation has been observed in some crosses in which the parents differed greatly in body conformation (Asmundson, 1945 (Asmundson, , 1948 Emmerson et al., 1991) . There were large differences in breast width between the FL and UC lines (Table 1) .
The heterosis in BW observed in the F 1 offspring of the UC and FL lines might also be attributed to the increased mortality of the larger birds with inferior WA in the UC line. If this is true, the heterosis attributed to the F 1 may be due to an inability to measure the true genetic growth potential in the UC line.
No matter the cause of the heterosis observed in the F 1 of the FL and UC lines, the results suggest lines, such as FL, exhibiting improved leg structure and WA and lacking the desired conformation can be used to greatly improve the WA of a cross involving a sire line with inadequate WA but with excellent conformation. A portion of the gains in BW and breast width obtained in the F 1 was retained in a BC to the sire line, thus making such a crossing scheme commercially feasible.
